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© A method and apparatus for pyrolysis employ an elon- 
gate housing of heat-resistant material (10, 11,12) having at 
one end an inlet (23) and at the opposite end an outlet (3 1 ) and 
air locks (24) associated with the inlet and the outlet. An auger 
(30) or a flow of molten lead is used to feed material along the 
housing from the inlet to the outlet, and heaters (35) apply 
heat to the exterior of the housing to heat the material during 
its displacement along the housing. The housing has at least 
one outlet opening (42) for the outflow of substances gasified 
by the heating of the material. The invention effects efficient 
heating of the material and avoids the build up of high gas 
pressure within the apparatus. 
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BACKGROUND OF THE INVENTION 




FIELD OF THE INVENTION 

The present invention relates to apparatus and methods 
for the pyrolysis of starting materials. 

More particularly, the present invention is useful, for 
example, for the recovery of oils and gases from oil shales and 
oil sands, the recovery of oils, gases, metals and carbonaceous 
material from waste material, e.g. tires, p.v.c. covered wires, 
solid municiple waste, sludge, wood by-products, for example 
sawdust, chips and bark, and other waste materials containing 
carbonaceous material, and the recovery of metals, especially 
those having low melting points, from ores. 

DESCRIPTION OF THE PRIOR ART 

In recent years, "there has been an increasing interest 
in the use of pyrolysis for., the removal of substances from waste 
materials. 

Thus, for example, increasingly stringent pollution 
controls and the increasing -costs of landfill disposal and fossil 
fuels have stimulated efforts to dispose of waste materials by 
methods which, unlike conventional incineration methods, produce 
useful by-products, for example rubbish derived fuel, and, in 
some cases, provide an~r energy .source which can itself be used 
for treatment of. further waste -material. 

To this end, various proposals have been made to treat 
waste material and other carbonaceous materials by pyrolysis, in 
which the materials are heated in an oxygen-deficient atmosphere. 

Such treatment can be used to break solid waste 
material into gases, consisting primarily of hydrogen, methane. 
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"carbon monoxic^^nd carbon dioxide; liquid £ ^^' which includes 
such organic chemicals as acetic acid, acetone and methanol; and 
a carbonaceous char. 

By controlling various operating parameters of the 
pyrolysis process, such as reaction time, temperature and pres- 
sure, it is possible to determine what products are formed by 
the process. 

Various means have been used for effecting the heating 
of the starting material. 
10 Such means have included, for example, rotary kilns, 

vertical-shaft furnaces, flash pyrolysis reactors and wire con- 
veyors located beneath heaters. 

In many cases, the hot gases given off from the start- 
ing material, when it is heated, are drawn through the starting 
material by counterflow of the starting material and the hot 
gases, so that the starting material is heated by the hot gases. 

These prior art apparatuses have various disadvantages. 

For example, all of the hot gases are normally with- 
drawn through a common duct and thus such gases may accumulate 
20 within the apparatus and are not separated into fractions. 

In the case of a. rotary kiln, not only is the kiln 
a relatively large and therefore expensive unit to manufacture 
and to drive, but it also has the disadvantage that because it 
is large and also because it is rotated, it requires a relatively 
large area to be heated. 

In the case of another prior art apparatus, in which 
pyrolysis is effected by conveying waste material on a wire mesh 
conveyor beneath suitable heaters, whereby liquids released from 
the starting material faJ.1 by gravity through the wire mesh 
30 conveyor for collection. However, this arrangement has the dis- 



afivantage that t^|^waste material must be disp^^i in a rela- 
tively shallow layer on the wire in order to allow sufficient and 
effective heating of all of the waste material , and also that 
the liquids must pass downwardly through the waste material layer 
itself, which remains substantially undisturbed, apart from its 
translational movement as a layer on the conveyor. 

A further disadvantage of prior art pyrolysis methods . 
and apparatuses is that with, at least some of them there is a 
more or less severe risk of explosions caused by the build-up of 
excessive pressure of explosive gases given off from the starting 
materials. 

OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a 
novel and more efficient method and apparatus for the applica- 
tion of heat to a starting material for removal o'f substances by 
gasification from the starting material. 

It is a further object of the present invention to 
at least partly mitigate at least some of the above-discussed 
disadvantages of the prior art.- 

It is a still further object of the present invention 
to enable gasified substances to be withdrawn from the starting 
material at successive positions along the paths of the material, 
thereby ensuring removal of ^such substances immediately, or at 
least shortly, after the formation thereof. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention, the starting 
material is. displaced along an elongate housing, to which heat 
is applied , r the interior of which is deprived of oxygen- The 



gases given of f the heating of the materia^^re removed 
through one or m^e outlet openings in the houffng. 

In this way, a good exposure of the material to the 
heat is ensured and thus rapid and effective heating of the 
material is promoted. 

Preferably, the gases which are driven off from the 
material are removed immediately, or almost immediately, through 
a series of outlet openings spaced apart along the housing, so 
that these gases do not accumulate within the interior of the 
housing. Consequently, an accumulation of hot, combustible 
gases under pressure within the- housing is prevented. 

More particularly, according to the present invention 
there is provided apparatus for the gasification of substances 
from a starting material by the application of heat to the start- 
ing material, comprising an elongate housing of heat-resistant 
material; means defining an inlet in the elongate housing for the 
introduction of the starting material; means defining an outlet in 
the elongate housing and spaced along the housing from the inlet; 
first air lock means associated- with the inlet for restricting 
the entry of air into the elongate housing during the introduction 
of the starting material -into the elongate housing; means for 
displacing the material" along the interior of the housing from the 
inlet to the outlet; means for applying heat to the exterior of the 
housing to heat the material during its displacement along the ', 
housing; means defining at least one outlet opening in the elongate 
housing for the outflow from the housing of substances gasified by 
the heating of the material? and means associated with the outlet 
for allowing the egress of ..any residue of the material from the 
elongate housing and preventing air flow into the elongate housing 
through the outlet. 



burners spaced amart along the underside of tl^^longate housing ; 
the apparatus further comprising a combustion cnamber surround- 
ing the burners and the housing; gas outlet means for the outflow 
of combustion gases from the combustion chamber; and outlet duct 
means communicating with the plurality of outlet openings and 
extending to the exterior of the combustion chamber for the out- 
flow of the gasified substances. 

The present invention further provides a method of 
gasifying substances from a starting material, comprising the 
steps of introducing the starting material into an elongate 
housing through an inlet at one end of the housing; displacing 
the material along the housing by means of an auger, whereby the 
material is continuously churned by the auger; heating the ex- 
terior of the elongate housing and thereby heating the material 
in the elongate housing to gasify the substances; extracting the 
gasified substances from the elongate housing through a plurality 
of outlet openings v/hich are spaced apart along the elongate 
housing; removing the material less the gasified substances from 
the elongate housing through an outlet at the opposite end of 
the elongate housing; and restricting the inflow of air into the 
elongate housing to maintain- a substantially air-free environment 
within the elongate housing. 

BRIEF. DESCRIPTION OF THE DRAWINGS 

The invention will be more readily understood from 
the following description of a preferred embodiment thereof given, 
by way of example, with .reference to the accompanying diagram- 
matic drawings, in which: - 

Fi ; * :e 1 diagrammatically illustrates a three-stage 
installat: * the gasification of substances from a starting 



material; ' 

Figure ^^hows a view in longitudinal^^rtical section 
through a modification of one of the stages of the apparatus of 
Figure 1; 

Figure 3 shows a view in transverse cross-section taken 
along the line III-III of Figure 2; 

Figure 4 shows a view corresponding to that of Figure 3 
but taken in transverse cross-section through a combustion 
chamber containing three elongate housings arranged in parallel? 

Figure 5 shows a' view corresponding to that of Figure 2 

but illustrating a further modification of one of the stages of 

the apparatus of Figure 1; Figure 5A shows a view in transverse cross- 
section through the apparatus of Figure 5; 

Figure 6A shows a view taken in transverse section 

along the line VI -VI of Figure 1; and 

Figure 6B shows a broken-away side view of part of an 

auger shown in Figure 1. 

DESCRIPTION OF PREFERRED EMBODIMENT 

The installation illustrated in Figure 1 has three 
stages indicated generally by references 10 , 11 and 12, respect- 
ively. However, it is at this point emphasized that, as will be' 
explained in greater detail "hereinafter, the present invention is 
not restricted to a three-stage apparatus or method, but may be 
embodied in a single stage. 

For supplying waste material, indicated generally by 
reference numeral 14, into the apparatus, a hopper 15 is provided 
at the lower end of an auger conveyor 16 . 

A variable speed electric motor 19 has an output shaft 
connected to the shaft 20 of an auger 21 in the conveyor 16, so 
that the auger 21 can be rotated at a variable speed for dis- 



placing the waste material along the conveyor 16. 

The co^J^or 16 is upwardly inclined ^jLn the hopper 
15 and discharges, near its upper end, into a duct 23 for guiding 
the waste material from the conveyor 16 into a rotary air lock 24. 

An elongate cylindrical housing 26 has an inlet open- 
ing 27 communicating with an outlet of the air lock 24 to allow 
the waste material 15 to be fed into the cylindrical housing 26 
through the inlet 27 while restricting the entry of air into the 
interior of the cylindrical housing 26. 

An auger 30 extends along the interior of the cylin- 
drical housing 26 from the inlet 27 to an outlet 31 of the cy- 
lindrical housing 26 for displacing the material 14 from the 
inlet 27 towards the outlet 31. 

The auger 30 is rotationally driven by a variable speed 
electric motor 33, so that the rate of travel of the material 14 
along the cylindrical housing 26 can be controlled by regulation 
of the speed of the electricr motor 23. 

A plurality of heaters in the form of burners 35 are 
spaced apart along the cylindrical housing 26, the burners 35 
being positioned beneath the underside of the cylindrical 
housing 26. 

The burners 35 are contained within a combustion 
chamber 36 within a jacket 37 of heat-insulating ceramic material. 

The jacket 37 has an outlet in the form of a flue 39 
communicating with an exhaust duct 40 to allow combustion gases 
from the burners 35 to escape from the combustion chamber 36 and 
a damped air inlet valve 41. 

The cylindrical housing 26 is provided with five out- 
let openings or ducts 42, which are spaced apart from one another 
along the length of the cylindrical housing 26, and which com- 



municate throug^^ manifold 43 with an outlet ^^t 44. 

The burners 35 are connected through respective fuel 
supply pipes 46 , and fuel supply pipes 47 and 48 which are 
common to the fuel supply pipes 46, and a fuel supply control 
valve 49 is provided in the fuel supply pipe 47 for regulating 
the supply of fuel to the burners 35 f as described in greater 
detail hereinafter. 

As will be readily apparent from Figure 1, the first 
stage 10 of the installation is similar to the second and third 
stages 11 and 12 , and accordingly it is not necessary to describe 
the latter in detail. Therefore, parts in the second and third 
stages 11 and 12 which correspond to the above-described parts 
of the first stage 10 have been indicated by the same- reference 
numerals with the suffixes "a" and "b", respectively. 

As will also be apparent from Figure. 1, the air locks 
24a and 24b of the second and third stages 11 and 12 are con- 
nected to the outlets 31a and 31b, respectively, of the housings 
26a and 26b, so that the .material discharged through the outlet 
of the housing 26 is fed into the inlet of the housing 26a and 
the material discharged through the outlet of the housing 26a 
is fed into the inlet of the. housing 26b. 

The outlet 31b of the third stage 12 is connected 
through an air lock 50 to the lower end of an upwardly inclined 
• auger conveyor indicated generally by reference numeral 51. 

The auger conveyor 51 has an auger 52 driven by a 
variable speed electric motor 53, and, adjacent its upper end, 
an outlet or discharge opening 54. 

Exhaust gases- are drawn from the exhaust duct 40 
by a fan 55 through a -heat- exchanger, indicated generally by 
reference numeral 56, and an- outlet duct 57 with a scrubber, 



indicated genera^y by reference numeral 58. 

Water ^^any other suitable heat excmge medium is 
fed to and from the heat exchanger 56 through an inlet pipe 60 
and an outlet pipe 61 , by means of a pump 62 , whereby heat is 
recovered from the exhaust gases passing through the heat ex- 
changer 56 and can be used for any suitable heating purpose. 

At the scrubber 58, particulate material is removed 
from the combustion gases by water fed into the scrubber 58 
through a water inlet pipe 65, and the scrubbed gases are allowed 
to escape through a flue 66, while the water is collected in the 
scrubber 58 and removed as effluent therefrom through an outlet 
pipe 67 provided with a pump 68. 

The outlet ducts 44, 44a and 44b, communicating with 
the outlet openings of the three cylindrical housings 26, 26a 
and 26b, communicate with respective condensers indicated 
generally by reference numerals 70, 70a and 70b. 

Outlet pipes 71, 71a- and 71b are provided for the 
removal of condensates from the condensers 70, 70a and 70b, 
these condensates or liquid fractions being delivered to suitable 
storage means (not shown) . 

Gaseous fractions remaining after the condensations 
within the condensers 70, 70a and 70b are fed through respective 
outlet pipes 72, 72a and 72b and a common outlet pipe 73 to a 
filtration and purification unit 75. Effluent from the filtra- 
tion and purification unit 75 is fed through an outlet pipe 74. 

The filtered and purified gases are fed from the 
filtration and purification unit 75 through a pipe 74 to a com- 
pressor 77, and thence through a further pipe 78 to a storage 
tank 79. 

From the tank 79, the gases are fed through a pipe 80 



to the pipe 48, thence to the burners 35, ^^^and 35b for 

use in heating the three cylindrical housings 26 , 26a and 26b. 

A fuel supply pipe 81 is also connected to the pipe 48 
for supplying additional fuel to the burners during starting up 
of the installation and when the supply of gases through the 
pipe 80 from the storage tank 79 is insufficient, valves 82 and 
83 being provided in the pipes 80 and 81, respectively, for 
controlling the flow therethrough. 

A cooling water tank 84 containing the condensers 70 , 
) 70a and 70b is connected to a cooling -tower 85 by pipes 86 and 87 
for circulating cooling liquid through the three condensers, the 
pipe 87 being provided with a pump 88 and being connectible to 
the pipe 86 through a normally closed by-pass valve 89 for by- 
passing the condensers. 

The auger conveyor 51 has a water-cooled jacket 90 
connected by pipes 91 and 92 to a cooling tower 93, the pipe 91 
being provided with a pump 94 for circulating cooling water 
through the jacket 90 and the cooling tower 93. 

Figure 2 illustrates a modification of the first stage 
0 of the apparatus of Figure 1, this modification comprising a 

pressure relief duct 96 provided with a pressure relief valve 97 
for relieving any excess pressure from the elongate housing in 
an emergency and for -thereby preventing the build-up of danger- 
• ously high pressure in -the elongate housing. 

As shown in Figure 3, the combustion chamber 36 is 
provided on the interior surface thereof with a heat reflective 
shield 100 of stainless-. steel, which is provided at the bottom 
of the combustion chamber so as to underlie the burners 35 and 
the underside of the elongate cylindrical housing 26. 
50 Furthermore, a pair* of 'stainless steel baffle plates 101 project 



laterally outwardly from the cylindrical housing 26, at a down- 
ward inclinati^^md at opposite sides therec^^ Since the heat 
shield 100 and the baffle plates 101 are each made of a heat 
reflective material, they ensure even, efficient concentation of 
the heat from the burners onto the underside of the elongate 
cylindrical housing 26 and thus further improve the heating of 
the material within the elongate cylindrical housing 26. 

Figure 4 shows, a view corresponding to Figure 3 but of 
a modified arrangement in which the elongate cylindrical housings 
10 26, 26a and 26b are arranged side-by-side, for operation in 

parallel instead of in series, the three cylindrical housings 26, 
26a and 26b being accommodated within a single, common combustion 
chamber 36c formed by a jacket 37c of heat-insulating ceramic 
material. 

The bottom of the combustion chamber is again provided 
with a heat reflective shield, which in this modification is 
indicated by reference numeral 100c, and the outermost cylin- 
drical housings 26 and 26b are provided with baffles 101c and 
lOlbc, these baffles and' the shield 100c being formed of heat 
20 reflective material for concentrating the heat from the burners 
on the undersides of the three- cylindrical housings. 

The modified apparatus of Figures 5 and 5a, in which 
parts which correspond to the. parts which have already been 
described hereinabove with reference to Figure 1 are indicated 
by the same reference numerals, differs from the apparatus of 
Figure 1 in that the auger 30-provided in the latter is entirely 
omitted. 

Instead, in this embodiment of the invention, a pool 
110 of molten lead is provided within the elongate cylindrical 
30 housing 26, and a pump 111 is connected by a pipe 112 to the 



inlet end of the J^msing 26 and by a pipe 113 t^^ position 
adjacent the outi^^end of the housing 26 for circulating the 
molten lead through the elongate housing 26 in the direction ex- 
tending from the inlet towards the outlet end thereof. 

A padddle-type conveyor 115 extends from below to above 
the surface of the molten lead pool 110 adjacent the outlet end 
of the cylindrical housing 26 for lifting any residue of the 
starting material from the molten lead and discharging such 
residue through the outlet of the housing into the air .lock 24 . 

For preventing the molten lead from flowing into the 
cylindrical housing outlet, an inclined baffle 116 is provided 
beneath the conveyor 115 and extends to opposite sides of the 
interior of the cylindrical housing 26, 

A variable speed drive motor 118 is prpvided for 
driving the conveyor 114. 

The operation of the above-described apparatus is as 

follows. 

The starting material 14, which may, if required, be 
broken down to a suitable size by use of a hammermill chopper^ 
shredder or the like, is fed through the hopper 15 and the up- 
wardly inclined auger 16 to the air lock 24 and thence into the 
first cylindrical housing 26. 

The speeds of the electric motors 19 and 33 are con- 
trolled *so as to regulate the rate of supply of the material 14 
into and along the cylindrical housing 26 in accordance with the 
type of material being treated, the temperature prevailing within 
the housing 56 and other parameters affecting the formation of 
gases within the cylindrical housing 26. 

Heat is applied to the material, through the wall of 
the cylindrical housing 26 from the burners 36, which are sup- 



. plied with fu^^as described above, and aft^^ihe starting of 
the apparatus^^he auger 30 also becomes beared and applies heat 
to the material being treated. Preferably, the heating of the 
housings 26, 26a and 26b is initiated prior to the input of the 
material, so that oxygen-containing air is driven out from the 
housings before the treatment of the material starts. 

As the material is displaced along the cylindrical 
housing 26 by the auger 30, it is constantly churned in a manner 
which ensures efficient and thorough application of heat to the" 
material. 

It has been found, ..in practice, that improved results 
are obtained if the cylindrical housing 26 is slightly upwardly 
inclined from the inlet end to the outlet end thereof. For 
example, the housing 26 may typically have a length of approxi- 
mately 20 feet, and may be upwardly inclined through a distance 
of 1 inch from its= inlet end to its outlet end. 

As gases are given off from the material 14 within the 
housing 26, and due to the provision of the plurality of outlet 
openings 42 spaced apart along the length of the cylindrical 
housing 26, these gases are promptly removed from the interior 
of the cylindrical housing 26 and passed through the manifold 
43 to the outlet duct 44. 

As is particularly apparent from Figure 6A, the dia- 
. meter of the auger 30 is less than the internal diameter of the 
cylindrical housing 26, and^the auger 30 is provided at the bottom 
of the housing 26, so that a" crescent-shaped gap exists between 
the top of the auger and the housing. This gap is substantially 
closed, at a point just beyond each of the outlet openings 42, 
by crescent-shaped baffles 120, which ensure that at least the 
majority of the gases given off from the starting material are 



promptly discha^^d through the outlet openin|^42 without 
travelling further along the interior of the housing 26. 

However, in some cases, each housing may be provided 
with only a single outlet opening 42, depending upon the type 
of material to be treated. 

Figures 6A and 6B also illustrate portions of the 
periphery of the auger 30 which are bent to form paddles 121 
extending at an angle to the screw surface of the auger, for 
improving the churning of -the material under treatment. 
X0 As an alternative to this formation of the panels, 

flanges or angle-iron may be secured as by welding or bolts to 
the auger. 

The temperature within the cylindrical housing 26 is 
sensed, adjacent the outlet end of the cylindrical housing 26, 
by a temperature sensor 38, which controls the valve 49 and 
thereby regulates the heating of the cylindrical housing 26 by 
the burners 35 in accordance with the temperature at the outlet 
end of the cylindrical housing 26. 

The material 14, less any gasified substances dis- 
20 charged through the outlet duct 44, is passed from the cylin- 
drical housing 26 through the air lock 24a to the cylindrical 
housing 26, in which this material is heated to a higher tem- 
perature to remove further substances therefrom in a similar 
. manner. 

Likewise, the material discharged from the outlet end 
of the cylindrical housing 26a is fed into the cylindrical 
housing 26b, and is then treated at even higher temperatures. 

By the time it reaches the outlet end of the cylin- 
drical housing 26b, the starting material has been reduced to 
30 a carbonaceous material, known as char, which, depending on the 
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, content of th^^tarting material, may also obtain metals and 
• other inorgan^^substances. 

In the first stage 10, the material 14 may, for ex- 
ample, by progressively heated up to 350°, and the remaining 
material treated in the second stage 11 may be progressively 
heated from 300 to 600°F, the remaining material transferred to 
the third stage 12 being heated therein from 500° to 950°F. 

From the air lock 50 of the third stage 12, the char 
is conveyed by the auger conveyor 51 and discharged through the, 
discharge opening 54 as indicated by arrow 92 to a suitable 
quenching means or the like. 

It has been found, in practice, that using sawdust as 
the starting material 14, the char discharged through the dis- 
charge opening 54 is reduced to commercially sellable carbon 
black. 

The operation of the embodiment of the invention il- 
lustrated in Figure 5 is similar to that described above with 
reference to Figure 1, except that in the case of Figure 5 the 
starting material is driven along the interior of the cylindrical 
housing 26 by the flow of the molten lead. 

The molten lead comes into close heat-transmitting 
physical .relationship with the material being treated and thus 
ensures an extremely good transference of heat to the latter. 
Thus, the molten lead serves both to convey the material and 
also as a high temperature heat exchange medium. 

As the material being treated is carried along the 
housing 26 by the molten lead, gaseous fractions driven off by 
heat from the material are passed through the outlets 42 and 
collected e:- described hereinabove. 

A-y residue of unconverted material which reaches the 



outlet end of the housing is raised over the inclined baffle 116 
by the conveyor £l and discharged through th^ftusing outlet. 

The use of molten lead, as described above with 
reference to Figure 5, is particularly advantageous in the 
handling of certain raw feed stock and, in particular, when high 
temperatures of up to 2200 °F are required. 

As will be apparent from a comparison of Figures 1 and 
4, the three housings 26, 26a and 26b may be operated either in 
series or in parallel to one another. However, it is to be . . 
understood that the invention is not restricted to the use of 
three such housings but that, depending upon the type and 
quantity of material treated, fewer or more such housings may 
be employed and that, furthermore, a plurality of such housings 
may be arranged with some of them in series and others of- them 
in parallel. 

As will readily be apparent to those skilled in the 
art, a particular advantage of this ability to employ a. plurality 
of housings either in series or in parallel is that the above- 
described apparatuses may be employed as plants which are rela- 
tively portable so that a plant for treating a relatively large 
throughput of material and/or for subjecting the material to a 
relatively gradual but large increase in temperature, may be 
readily constructed, even in remote locations, by employing a 
• plurality of the cylindrical housings in an appropriate arrange- 
ment. Consequently, the plant is relatively portable and can 
therefore be set up even in locations where the transportation 
of large machinery components is impossible. 

Furthermore, since in each case the cylindrical 
housings are stationary and not rotationally driven, and since 
only the auger or augers or the pump 111 and the conveyors are 



required to ij^^riven, the power requiremer^^f the apparatus 
is very low, which further enhances the efficiency, economy , 
compactness and transportability of the apparatus. 





CLAIMS: 



1. Apparatus for the gasification of substances from a 
starting material by the application of heat to the starting 



ma te r i a 1 , compr i sing: 

an elongate housing of heat-resistant material; 

means defining an inlet in said elongate housing for 
the introduction of the starting material; 

means defining an outlet in said elongate housing and 
spaced along said housing from saijd inlet; 

first air lock means associated with said inlet for 
restricting the entry of air into said elongate housing during 
the introduction of the starting material into said elongate 
housing; 

means for displacing the material along the interior 
of said housing from said inlet to said outlet; 

means for applying heat to the exterior of said housing 
to heat the material during its displacement along said housing; 

means defining at least one outlet opening in said 
elongate housing for the outflow from said housing of substances 
gasified by the heating of the material; and 

means associated with said outlet for allowing the 
egress .of any residue of the material from said elongate housing 
and preventing air flow into said elongate housing through said 



outlet. 



2. Apparatus as -claimed in claim 1, wherein said 
heating means comprise a plurality of burners spaced apart 
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&long the undei^ple of said elongate housing^^id apparatus 

further comprising a combustion chamber surrounding said burners 

« 

and said housing; gas outlet means for the outflow of combustion 
gases from said combustion chamber; and outlet duct means com- 
municating with said outlet opening and extending to the exterior 
of said combustion chamber for the outflow of the gasified sub- 
stances. 



3. Apparatus as claimed in claim 1 or 2, wherein said 
means for displacing the material comprise an auger extending 
along the interior of said -housing and means for rotationally 
driving said auger f said housing being stationary and at least 
approximately horizontal. 

4. Apparatus as claimed in claim 1 or 2, wherein said 
outlet opening is one of a. plurality of outlet openings spaced 
apart along said elongate housing. 



5. Apparatus as claimed in claim 1, wherein said out- 
let opening is one of a plurality of outlet openings spaced apart 
along the top of said elongate housing, and said material dis- 
placing means comprise an auger downwardly spaced from the top of 
said housing to provide a gap between the top of said auger and 
said housing* 

6. Apparatus as claimed in claim 5, further compris- 
ing a plurality of baffle means extending across said gap between 
said outlet openings for directing the gasified substances to 
said outlet ?y~nings. 



7. Apf^^tus as claimed in claim 4 • £urther com- 

prising paddle means projecting from said auger for promoting 
churning of said material. 



8. Apparatus as claimed in claim 1 or 2, wherein said 
means for displacing the material comprise' means for circulating 
a liquid through said elongate housing. 

9. Apparatus as claimed in claim 1, wherein said 
means for displacing the material comprise a body of lead 
partially filling said elongate housing, and means for circula- 
ting the lead through the housing after the lead has been melted 
by said heat applying means, and wherein means are provided 
adjacent said elongate housing outlet for lifting the residue 

of the material above the level of the lead in said elongate 
housing and discharging it into said elongate housing outlet. 

10. Apparatus as claimed in claim 9, wherein said 
heating means comprise a plurality of burners spaced apart along 
the underside of said elongate housing; said apparatus further^ 
' comprising a combustion chamber' surrounding said burners and 
said housing; gas outlet;means for the outflow of combustion 
gases from said combustion -chamber; and outlet duct means com- 
municating with said outlet opening and extending to the ex- 
terior of said combustion chamber for the outflow of the gasi- 
fied substances. 



11. Apparatus .as claimed in claim 2 or 10, further 
comprising reflector means within said combustion chamber for 
reflecting heat onto said elongate housing. 
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12. aratus as claimed in claim^^>r 10 , further 
comprising reflective heat shield means extending outwardly from 
opposite sides of said elongate housing within said combustion 
chamber for confining and reflecting heat from said heating means 
to said elongate housing. 

13. Apparatus as claimed in claim 2 or 10, further 
comprising heat reflective means on the interior of said com- 
bustion chamber for reflecting heat from said heating means to 
said elongate housing. 

14. Apparatus as claimed in claim 2- or 10 , wherein 
said combustion chamber comprises a jacket of heat insulating 
material. 



15. Apparatus as claimed in claim 1 or 2, further 
comprising means for sensing the temperature within said housing; 
means responsive to said temperature sensing means for regulating 
said heat applying means; and means for adjusting said regulating 
means to enable a variable temperature to be maintained within 
said housijng. 

16. Apparatus as claimed in claim 1 or 2, further 
comprising condenser means- connected to said plurality of outlet 
openings for partially liquifying the gasified substances, and 
means for feeding combustible gases remaining in said condenser 
means after such liquif ication to said heat applying means for 
use in heatir said housing. 

-21- 



, 17. Aanaratus as claimed in claim 5^wherein said 

auger means compHle a pair of augers arrange^R.de -by-side 
within said housing. 

18. Apparatus as claimed in claim 5, wherein variable 
speed drive means are provided for driving said auger, whereby 
the rate of displacement of the material along said housing can 
be varied. 

19. Apparatus as claimed in claim 1 or 2, further 
comprising a hopper for receiving the starting material, con- 
veyor means for feeding the -starting material from said hopper 
to said first air lock means, and means for driving said con- 
veyor means at a variable speed. 

20. Apparatus for the gasification of substances from 
a starting material by the application of. heat to the starting 

material, comprising: 

first, second. and„third stages for successively treat- 
ing the material; 

said first, second and third stages each comprising: 

an elongate housing- of heat-resistant material; 

means defining an inlet at one end of said elongate 

housing; 

means defining, an outlet at the opposite end of said 

elongate housing; 

first air lock means associated with said inlet for 
allowing the introduction of the starting material into said 
elongate housing and restricting the entry of air into said 
elongate housing; 



me a or displacing the mater ial ^^>ng the interior 
of said housing from said inlet to said outlet; 

means for applying heat to the exterior of said housing 
to heat the material during its displacement along said housing ; 

means defining at least one outlet opening in said 
elongate housing for the outflow from said housing of the sub- 
stances gasified by the heating of the material; and 

second air lock means associated with said outlet for 
allowing the egress of any residue of the material from said 
elongate housing and restricting air flow through said outlet; 

said apparatus further comprising means for connecting 
said elongate housings of said first, second and third stages 
in series. 

21. Apparatus as claimed in claim 20, wherein,, in 
each of said first, second and third stages, said heating means 
comprise a plurality of burners spaced apart along the under- 
side of said elongate housing; said apparatus further comprising 
a combustion chamber surrounding said burners and said housing; 
gas outlet means for the outflow of combustion gases from said 
combustion chamber; and outlet duct means communicating with 
said plurality of outlet openings and extending to the exterior 
of said combustion chamber for the outflow of the gasified sub- 
stances. 

22. Apparatus for the gasification of substances from 
a starting material by the application of heat to the starting 
material , comprising : 

a i iurality of elongate housings; 

„Mi: elongate housings each beina provided with: 



means defining an inlet at one. end thereof; 
means de^Pfing an outlet at the oppos;^^end thereof; 
first air lock means associated with said inlet for 
allowing the introduction of the starting material into. the 
respective said elongate housing and restricting the entry of 
air into the respective said elongate housing; 

means for displacing the material along the interior 
of the respective said housing from said inlet to said outlet; 

means for applying heat to the exterior of the 
respective said housing to heat the material during its displace- 
ment along the respective said housing; 

means defining at least one outlet opening in the 
respective said housing for the outflow therefrom of the sub- 
stances gasified by the heating of the material; and . 

second air lock means associated with said outlet for 
allowing the egress of any residue of the material from the 
respective said elongate housing and. restricting air flow through 
said outlet; 

a combustion chamber surrounding said plurality of 
elongate housings and said heat applying means thereof with said 
elongate housings arranged in parallel within said combustion 
chamber; and 

. gas outlet duct means communicating with said outlet 
openings and extending to the exterior of said combustion 
chamber. 

23. Apparatus as claimed in claim 22, wherein said 

heating means comprise -a plurality of burners spaced apart along 

the underside of the respective said elongate housing; and heat 

reflector means are provided within said combustion chamber for 

n/ 
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* concentrating^^ heat from said burners on^^ undersides of 
said elongate housings. 



24. A method of gasifying substances from a starting 
material, comprisng the steps of: 

introducing the starting material into an elongate 
housing through an inlet at one end of said housing; 

displacing the material along said housing; 

heating the exterior of said elongate housing and 
thereby heating the material in said elongate housing to gasify 
the substances; 

extracting the gasified substances from said elongate 
housing through a plurality of outlet openings which are spaced 
apart along said elongate housing; 

removing the material less the gasified substances 
from said elongate housing through an outlet at the opposite end 
of said elongate housing; and 

restricting the inflow of air into said elongate 
housing to maintain a substantially oxygen-deficient environ- 
ment within said elongate housing. 

25 • A method as claimed in claim 24, wherein the 
heating^ of said elongate housing is effected by heating the 
underside of said housing and . the rate of introduction - of the 
material into said elongate housing is regulated so that an 
uppermost portion of said auger projects upwardly beyond the 
level of the material in said housing. 



.2c A method as claimed in claim 24 or 25, wherein 
the stsj ' ' Acting the exterior of said elongate housing 




comprises employing a plurality of burners spaced apart along 
the housiny and confining the combustion gases of said burners 
by a combustion chamber extending around said housing and 
provided with a combustion gas outlet. 

27. A method as claimed in claim 24 or .25, which 
includes sensing the temperature within said elongate housing 
and automatically controlling the application of heat to said 
elongate housing in accordance with the sensed temperature. 
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